A cellulolytic and thermophilic anaerobe was isolated from soil. This bacterium made a halo on a roll-tube culture containing Avicel. Analysis of the PCR-based 16S rRNA gene sequence showed that the bacterium was closely related to Moorella thermoacetica. Scanning electron microscopy showed the bacterium is a rod and has no protuberant structure on the surface of cells growing on cellulose, suggesting that this strain is a noncellulosomal cellulolytic bacterium. Carboxymethyl cellulase and xylanase activities were detected in the culture broth. A major fermentation product from ball-milled cellulose was acetate. This strain has a potential to convert cellulosic biomass to acetate, directly.
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Cellulose is one of the most abundant renewable resources, photobiosynthesized with sunlight. The e‹cient use of cellulose is one of the keys for achievement of a sustainable society. Cellulose can be degraded to cellooligosaccharides by cellulolytic enzymes produced by cellulolytic microorganisms. Cellulolytic bacteria inhabit soil or the rumens of herbivore, and so on. These play a role in the carbon cycle in the biosphere. Some of these have been isolated, identiˆed, and their cellulolytic enzymes characterized. The cellulolytic enzymes are grouped into families, depending on similarity of their amino acid sequences. 1) These cellulolytic bacteria have a multiple enzyme system, containing several enzymes with diŠerent substrate speciˆcity, and reaction mode, and belonging to diŠerent families. 2) Cellulolytic anaerobic bacteria often digest cellulose and product organic material directly. For example, rumen bacteria can degrade carbohydrates of plan cell walls and ferment them to volatile fatty acids directly. These volatile fatty acids are absorbed and used by ruminants. We have isolated cellulolytic bacteria from soil and compost. One of these, a bacterium, strain F21, producing cellulolytic enzymes and fermenting cellulosic materials to organic acids was isolated. In this paper, we identiˆed the strain using DNA sequencing of the 16S rRNA coding region and studied the enzyme activities and fermented products from the strain.
Cellulolytic anaerobic bacteria were isolated in anaerobic culture by the roll-tube method. The culture medium for isolation was GS medium 3) containing Avicel as the sole carbon source. The bacteria were grown at 609 C for 1 week. Bacteria making haloes around their colonies were isolated as cellulolytic anaerobes. These bacteria were cultivated with liquid medium including ball-milled cellulose (BMC) as a carbon source in Hungate tubes. The culture broths were examined to measure organic acid concentrations using high-pressure liquid chromatography (TOSOH). The strain F21, which produced higher concentration of organic acids, about 60 mM of total organic acids, almost all acetate, from 1z BMC was selected for further study. The strain F21 is a Gram-positive, strictly anaerobic, and thermophilic bacterium. At 609 C, the cells grew well with BMC or Avicel as the sole carbon source.
Cells were collected with aˆlter of 0.22-mm pore size. Fixation was done with 2.5z glutaraldehyde in phosphate-buŠered saline for 2 h and postˆxation was done with 1z osmium tetraoxide in phosphatebuŠered saline for 1.5 h. After theˆxation, cells were dehydrated with a series of ethanol concentrations and critical-point dried. After ion-sputter coating with platinum-palladium, cells were observed with a scanning electron microscope (Hitachi S-4000). The scanning electron microscope showed that this bacterium is a rod and has no protuberance on the surfaces of cells cultivated on a medium containing glucose or cellulose as a carbon source (Fig. 1) . This surface structure is diŠerent from other cellulolytic anaerobic bacteria, such as Clostridium thermocellum, 4) and Ruminococcus albus. 5, 6) These bacteria cultivated with cellulosic materials as a carbon source produce a protuberance on their cell surface. The 
Trace p-nitrophenyl-a-xyloside -* Trace: on the order of milliunits. One unit of activity is deˆned as the amount of enzyme that releases mmol of glucose-equivalent or p-nitrophenol per minute.
protuberance is a cellulosome, a cellulase complex containing multiple cellulolytic enzyme subunits and cellulose-binding scaŠolding proteins. The bacterium is a non-cellulosomal cellulolytic anaerobic thermophilic bacterium, having a smooth cell surface.
Identiˆcation of this bacterium was done by reading of the nucleotide sequence of DNA encoding 16S rRNA (rDNA). The rDNA was ampliˆed with a set of primers (27f, AGAGTTTGATCCTGGCTCAG and 1492r, GGTTACCTTGTTACGACTT) and rTaq DNA polymerase (TAKARA). Ampliˆed fragment was puriˆed with QIA quick gel extraction kit (Qiagen) from agarose gels. Nucleotide sequences were analyzed with the ABI PRISM 310 Genetic Analyzer (PE Applied Biosystems) and BigDye terminator cycle sequencing kit (PE Applied Biosystems). Similarity searching was done with the BLAST algorithm in DNA databases. The sequence showed 99z identity with the Moorella thermoacetica ET-5a 16S rRNA gene (accession No. AJ242494), 98z with the Moorella thermoautotrophica DSM 1974 (accession No. X77849), 98z with the Moorella thermoacetica ATCC 39073 (accession No. M59121), and 95z with the Moorella glycerini YS6 (accession No. U82327), suggesting that this bacterium is a‹liated with Moorella species, and identiˆed tentatively as M. thermoacetica (Fig. 2) . M. thermoacetica is an acetogenic thermophile, converting H2-CO2 to acetate 7) and makes hyper-thermotolerant spores. 8) So far there has been no report of cellulolytic Moorella species. The hydrolytic activities toward various substrates in cell-free culture supernatant were measured by a 10-min incubation at 589 C in 50 mM potassium phosphate buŠer (pH 7.0) in the presence of 1.0z (w W v) substrates. Reducing sugars released from the substrates were measured with the 3,5-dinitrosalicylic acid reagent as described by Miller. 9) Activities toward p-nitrophenyl glycoside derivatives (Sigma) were measured for p-nitrophenol released from 3 mM substrate at 589 C. Samples were incubated with a substrate and 60 mM potassium phosphate buŠer. After 5 min of incubation, the reactions were stopped by the addition of 0.4 M Na2CO3, and the absorbance was measured at 410 nm. In culture broth with modiˆed GS medium containing 8.4 g W l urea, we detected xylanase, carboxymethyl cellulase, and lichenase activities, and bxylosidase and b-glucosidase activities also were observed ( Table 1 ). The urea content of the medium aŠected the enzyme activity positively (not shown). Carboxymethyl cellulase activity of this strain was lower than that of C. thermocellum (1.7 U W ml in the cell-free supernatant) 10) and xylanase activity also was lower than that of xylanolytic C. stercorarium (56 U W ml in the supernatant).
11) This strain produced acetate as a major fermentation product from cellulose as described above. The enzyme activities were lower than other cellulolytic anaerobes', however, this strain made a halo against Avicel, indicating the bacterium has a complete cellulose degrading system. The C. thermocellum produces mixed products, such as ethanol, acetate, butyrate, and lactate. 12) Moorella thermoacetica is used as a fermentation strain for various substrate to make acetate. 13, 14) The strain can convert cellulosic biomass to acetate directly, and cellulolytic Moorella species is interesting for understanding acetate formation in soil.
The nucleotide sequence of the 16S-rDNA sequence of Moorella sp. strain F21 in this paper has been deposited in the DDBJ W EMBL W GenBank nucleotide sequence databases under the accession number AB086398.
